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(57) Abstract 

An automatic production 
apparatus (10) for processing a 
plurality of semiconductor wafers, 
which includes a rotor (15) rotata- 
ble about a substantially, but not 
true, horizontal axis, wherein the 
rotor includes a removable carrier 
(38) capable of holding a plurality 
of closely loaded semi-conductor 
wafers and a support for retaining 
semiconductor wafers in the car- 
rier when the carrier is inverted. It 
also includes a plurality of spray 
nozzles (33, 35) for providing pro- 
cessing fluids and drying gases, 
and a recessed drab (23) for re- 
moving the expended fluids. 
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CENTRIFUGAL WAFER PROCESSOR ' 

BACKGROUND OF THE INVENTION 

This Invention relates to an apparatus for processing 
semiconductor wafers, and more particularly, to machine 
5 operated functions for improving the processing yield 
of semiconductor wafers. 

In the production of integrated circuits, the semi- 
conductor wafers, or substrates from which the chips are 
cut, are processed through multiple steps. The basic sub- 
10 strate materials for wafers are, for example, silicon, 
glass ceramic materials or other similar materials of' 
very thin wafer-like configuration. This basic substrate 
is subjected to coating, etching, and cleaning processes. 
It is extremely important that each processing step be 
15 performed with the greatest possible yield, thus 'allowing 
a decrease in production costs. 

Semiconductor wafers in the past have been processed 
by spinning them about a vertical axis where the wafers 
are stacked vertically, as described in U.S. Patent 
20 3,760,822, with various holding mechanisms such as vacuum 
chucks. However, this allows the wafer to be effectively 
processed on only one side at a time since the underside 
is processed at a much faster rate than the topside. 

. Other processing devices, such as described in U.S. 
25 Patent 3,970,471, process each wafer individually about a 
horizontal axis. However, such a device can only process 
a single wafer at each station, and is therefore time con- 
suming and expensive. 

None of the known prior art permits the processing 
30 of a plurality of wafers at the same time, with each 

side of the wafer being processed at effectivelj the same 
rate. 



WO 81/02533 



i 



- 2 - 



PCT/US8 1/0025 7 



10 



SUMMARY OF THE INVENTION 

In accordance with the present invention, apparatus 
is disclosed in which semiconductor wafers, glass photo- 
mask plates, or the like, are processed by inserting them 
into a special carrier, and then placing the carrier in a 
rotor at an orientation which rotates the wafers substan- 
tially about their horizontal axes. For the purposes of 
this case, horizontal is defined as that imaginary line 
running between 270° and 90° of a compass. Various fluids 
can then be applied to the wafers, uniformly, through the 
spray nozzels while the wafers are being rotated. Chemi- 
cal processing such as etching can also be performed on 
both sides at the same rate due to the substantially 
horizontal axis of rotation. In preferred embodiments 
15 spray nozzles are located above and to the side of the 
carrier, thus permitting the spraying to be done at 
relatively low pressures. This is especially desirable 
when hazardous materials are being used in the spraying 
steps. Furthermore, having the spray nozzles to the side 
20 of the carrier is beneficial as it eliminates the possi- 
bility of a nozzle leaking or dripping on a wafer during 
the drying process and potentially ruining a good wafer. 
.Loading of the carrier of the present invention into the 
rotor of the present invention is simplified because of 
25 the substantially horizontal loading. As an additional 

advantage, there are built-in shock absorbers in the system 
so that any vibration from the spinning action is not 
transferred to the work station. 
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BRIEF DESCRIPTION OF THE DRAWING 

The aforementioned and other features, characteristics 
and advantages, and the present invention in general will 
be better understood from the following description taken 
in conjunction with the accompanying drawings, in which: 
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FIG. 1 is a perspective representation, partially 
broken away, of the apparatus of the present invention. 

FIG. 2 is an enlarged perspective representation 
of the rotor-carrier portion of the apparatus. 
5 FIG. 3 is a cross-sectional view of the apparatus of 

FIG. 1 which also schematically represents the washing 
apparatus; 

FIG. 4 is a cross-sectional view taken along line 
4 - 4 of FIG. 3. 

10 DESCRIPTION OF THE INVENTION 

Referring now to the drawings, an apparatus 10 for 
processing wafer or semiconductor components is illustra- 
ted in FIG. 1. The apparatus of the present invention . 
includes some similar components and functional relation- 
15 ships to existing front loading washing machines ,'. which 
similarities will be apparent from the discussion which 
' follows . 

Apparatus 10, as shown in FIG. 1, has a somewhat rectan- 
gular outer configuration and a front opening. This style 
of apparatus is sometimes referred to as a front-loading 
machine indicative of the loading position. Apparatus 10 
includes frame and cabinet assembly 11 which houses sta- 
tionary tub 12 having front opening 13. Hinged door 14 on 
frame 11 is arranged to seal with respect to tub opening 
25 13 so that the tub and door provide an enclosed fluid pro- 
cessing chamber. Door 14 also includes vent 16, capable 
of being opened and closed, and fluid tight viewing win- 
dow 8 . 

Tub 12 is preferably constructed of corrosion and solvent 
30 resistant material, such as stainless steel. Tub 12 is 
a cylindrically shaped container with recessed drain 23 
along its bottom, as shown in FIGS. 3 and 4, for the easy 
removal of processing fluids during processing cycles. 



20 
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Concentrically positioned within tub 12 is rotor 15, in- 
cluding fixed support members 26 and movable support rod 
28. Rotor 15 is mounted within tub 12 for rotation by 
the connection of central axle 18 (FIG. 3) which is seal- 
5 ingly received and supported by bearing mount 19. The cen- 
ter axis of bearing mount 19 defines by extension the axis 
of rotation for rotor 15. A pulley and belt connection 
20 external to tub 12 couples axle 18 through bearing 
mount 19 to motor 21. Motor 21 thus provides driving means 
10 for rotating rotor 15 within- tub 12. 

Tub 12 is esentially stationary, connected to frame 
II, and is supported to diminish vibrations by shock 
absorbers 17. Connected into tub 12 are a plurality of 
spray members, for example, 33 and 35 which are above and 
15 to the side of the wafers being treated in carrier 38 
as shown in FIG. 4. ♦ • . 

Carrier 38, having a plurality of disc location 
grooves, is capable of being, slid into and out of rotor 
15, mating snugly with supports 26 when in place in the 
20 rotor. 

In the practice of the present invention, semiconduc- 
^ tor wafers are placed in carrier 38, which is in turn 
placed within support members 26 of rotor 15 as shown 
in FIG. 2. Initially, support rod 28, as shown in FIG. 

25 2, retains the semiconductor wafers in carrier 38 when ro- 
tor 15 is revolving at relatively low speeds. As the speed 
of rotation of rotor 15 increases, the semiconductor 
wafers are held in place by centrifugal force. The semi- 
conductor wafers are processed by the application of 

30 various fluids through spray members 33 and 35. Rotor 
15. rotates around a substantially horizontal axis, how- 
ever in preferred embodiments the angle of the axis of 
rotation of rotor 15 is slightly greater or lesser than 
horizontal. This angle assists in preventing closely 
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loaded semiconductor wafers from contacting each other 
during processing. If the semiconductor wafers were to 
contact each other during processing, fluid blockage 
could occur or surface tension could exist which would 
5 prevent processing of the semiconductor wafers in the 
area of contact or wetting with each other, thus result- 
ing in lower yields. By providing rotor 15 with an axis 
angle greater or less than exactly horizontal, surface 
tension problems are avoided. In the preferred embodiment 
10 the angle of the axis of rotor 15 is about 10° above 

horizontal as shown in FIG. 3. This angle also adds to 
the ease of loading of the "semiconductor wafers, since, 
as a result of the angle, carrier 38 easily gravity feeds 
into support members 26 without the requirement of a retain- 
15 ing device to prevent carrier 38 from falling out of 
apparatus 10-* * • 

A high rate of rotation of the semiconductor wafers 
by rotor 15 allows the pressure of the processing fluids 
applied by spray members 33 and 35 to be low, thereby 
20 reducing costs by the elimination of high pressure equip- 
ment. Spray members 33 and 35 in the preferred embodi- 
ment may separately carry, for example, processing fluids 
and nitrogen to permit safe optimum performance. 

During spraying and drying operations, the semicon- 
25 due tor wafers may be observed through window 8 of door 
14. During the processing steps, except those in which 
nitrogen is used, air may be brought in to the tub through 
vent 16 to allow efficient evacuation of processing fluids 
. through drain 23 . 
30 In preferred embodiments, apparatus 10 will not oper- 

ate until door 14 is closed and positively locked with 
locking switch 42. The speeds at which the semiconductor 
wafers are rotated are controlled by switches 43 and 45. 
For example, Rinse Timer RPM control 43 controls the speeds 
35 during the liquid processing steps and Dry Timer/RPM control 
45 controls the speeds during the drying steps. 
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In operation, semiconductor wafers are placed in car- 
rier 38 which is inserted into support members 26 of rotor 
15, Upon closing door .14 and locking switch 42, apparatus 
10 may be started by turning power switch 66 on and activa- 
5 ting start/stop switch 68, shown in FIG, 1. Rinse Time/RPM 
unit 43 provides the proper time and speed for liquid pro- 
cessing steps. 

During rinse cycles, various liquids are dispensed 
through spray member 33 for the cleaning and processing 
10 of . the semiconductor wafers. In preferred embodiments, 

the rinse cycle is determined to be complete by conitoring 
the rinse water at drain 23 with D.I. resistivity meter 
40. As already noted, drainage is aided by air flow into 
tub 12 through vent 16. When the resistivity of the rinse 
15 water is determined to be approximately that of the water 
or other rinse fluid dispersed from spray member 33, then 
the Dry Timer/RMP unit 45 is activiated. Referring to 
FIG. 4*, during the drying cycle, nitrogen is heated by 
heat* element 37 in spray member 35 and is applied to the 
20 revolving semiconductor wafers at a sufficient pressure that 
outside air is not allowed to be drawn in through vent 16. 
Because the semiconductor wafers and carrier 38 are 
..not always the same weight, carrier 38 is constructed to 
rotate slightly off center , thus allowing the semiconductor 
25 wafers to be held in the carrier 38 by centrifugal force 
at high rotational speeds. Shock absorbers 17 are useful 
in eliminating vibrational energies from being transferred 
to the surface on which apparatus 10 is resting. R.otor 15 
rotates about a substantially, but not true, horizontal axis. 
30 The angle of the axis of rotation of axle 13, rotor 

15, carrier 38 and the axes of rotation of wafers carried by 
carrier 38, may be in the range of from about 91° to about 
135° or about 225° to about 269°, and angles reciprocal 
thereto. The preferred angle is in the range of about 95° 



WO 81/02533 



PCT/USOI/00257 



- 7 - 

to about 105° or about 255° to about* 265° with the angle 
shown being approximately 10° above the horizontal, or 
about 100°. As used herein, horizontal is defined as 
an imaginary line running from 90° to 270° of a compass. 

While particular embodiments of the present invention 
have been shown and described, it is apparent that changes 
and modifications may be made without departing from the 
spirit and scope of this invention in its broader aspects. 
What is claimed is: 
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CLAIMS 
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1. An apparatus for processing semiconductor type wafers 
comprising: 
a frame; 

a tub, said tub including side-walls, an end-wall, and an 
opening opposed to said end-wall, said tub supported by said 
frame ; 

an axle having a first end and. a second end, said axle seal- 
ingly mounted for rotation through said end-wall of said tub, 
at a substantially, but not true, horizontal axis, said first 
end of said axle being within said tub and said second end 
of said axle being outside of said tub; 

rotor means, said rotor means being, within said tub and con- 
nected to said first end of said axle, for rotation within 
said tub with said axle substantially at the angle of said 
15 axle, 

means for carrying a plurality of closely loaded- wafers , 
said carrier means designed to be supported by and rotated 
within said tub by said rotor means at an orientation such 
that wafers carried by said carrier will have their axes of 
rotation substantially at the angle of said axle; 
fluid insertion means, said fluid insertion means connected 
through the sidewall of said tub to allow fluids to be inser- 
ted irito said tub for processing wafers carried by said car- 
rier means; 

tub drain means for the removal of fluid, said drain means 
located in the side-wall portion at the bottom of said tub; 
tub closure means mounted to close and open said tub at said 
open end of said tub opposed to said end-wall; and drive 
means, said drive means joined to said second end of said 
axle for rotation of said axle, and thereby also for rota- 
tion of said rotor means, said carrier means and wafers 
carried by said carrier means. 

2. The apparatus of claim 1 in which a fluid seal is carried 
by said tub end-wall, said axle is mounted through said fluid 
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seal and connected at its second end to bearing means, said 
fluid seal and bearing means being designed to prevent ' 
the escape of processing fluids from said tub, and in which 
pulley means are located. to connect said drive means to 
5 said bearing means and axle. 

3. The apparatus of claim 1 in which movable wafer support 
means are mounted within said tub. said support means located 
for movement into a position to support wafers carried by 
said carrier means, and also movable away from said wafer 
10 support position, whereby, when carrier means carrying wafers 
• are placed into said tub for support by said rotor means, 
said wafer support means are located for support of wafers 
carried by said carrier means , and then, when processing is 
completed, said wafer support means is moved away from its 
15 wafer support position. 

4. The apparatus of claim 1 in which said" tub closure means 
includes a positive fluid seal whereby when said closure 
means is closed, substantially all fluids within said tub 
are retained within said tub. 

5. The apparatus of claim 4 in which said closure means 
includes vent means, said vent means designed to allow exter- 
nal air to enter said tub, thereby aiding in the removal of 

-fluid' from said tub at said drain means. 

6. The apparatus of claim. 1 in which said tub means is made 
from corrosion and solvent resistant material selected from 
the group consisting of stainless steel, polypropylene, and 
polyethylene. 

7. The apparatus of claim 1 in which said fluid insertion 
means includes heating means to heat processing fluids or 
gases prior to their insertion into said tub. 

8. The apparatus of claim 1 in which said drain means 
includes resistivity monitoring means to determine the 
resistivity of fluids being drained from said tub, thereby 
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providing information as Co when the tub and wafers have 
been thoroughly rinsed of processing fluids. 

9. The apparatus of claim 1 in which the angle of said " 
axle is selected from the ranges of about 91° to about 135° 

5 and about 225° to about 269°, and reciprocals thereof, 

wherein the angle from 90° to 270° of a compass is defined 
as horizontal . 

10. The apparatus of claim 4 in which the angle of said 
axle is selected from the ranges of about 95° to about 105° 

10 and about 255° to about 265° and reciprocals thereof. 

11. The apparatus of claim 9 in which the angle of said 
axle is selected from about 100° and about 260°, and reci- 
procals thereof. 
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1. An apparatus for processing semiconductor type wafers 

comprising: 

a frame; 

a tub, said tub including side-walls, an end-wall, and an' 
5 opening opposed to said end-wall, said tub supported by 
said frame; 

an axle having a first end and a second end, said axle seal- 
ingly mounted for rotation through said end-wall of said tub, 
at a substantially, but not true, horizontal axis, said first 
10 end of said axle being within said tub and said second end 
of said axle being outside of said tub; 

rotor means, said rotor means being within said tub and con- 
nected to said first end of said axle, for rotation within 
said tub with said axle substantially at the angle of said 
15 axle; 

means for carrying a plurality of closely loaded wafers, 
said carrier means designed to be supported by and rotated 
within said tub by said rotor means at an orientation such 
that wafers carried by said carrier means will have their 
20 axis of rotation substantially at the angle of said axle; 
fluid insertion means, said fluid insertion means connected 
through the sidewall of said tub to allow fluids to be inser- 
ted into said tub for processing wafers carried by said car- 
rier means ; 

15 tub drain means for the removal of fluid, said drain means 
located in the side-wall portion at the bottom of said tub; 
tub closure means mounted to close and open said tub at said 
open end of said tub opposed to said end-wall; and 
drive means, said drive means joined to said second end of 
0 said axle for rotation of said axle, and thereby also for 
rotation of said rotor means, said carrier means and wafers 
carried by said carrier means. 

2. The apparatus of claim 1 in which a fluid seal is carried 
by said tub end-wall, said axle is mounted through said fluid 
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seal and connected at its second end to bearing means, said 
fluid seal and bearing means being designed to prevent the 
escape of processing fluids from said tub, and in which 
pulley means are located to connect said drive means to 
5 said bearing means and axle. 

3. The apparatus of claim 1 in which wafer support means 
are mounted within said tub, said support means located to 
retain wafers carried by said carrier means, whereby, when 
carrier means carrying wafers are placed into said tub for 
10 support by said rotor means, said wafer support means are 
located for support of wafers carried by said carrier means 
when said carrier means is rotated to an inverted position. 

4. The apparatus of claim 1 in which said tub closure means 
includes a positive fluid seal whereby, when said closure 

15 means is closed, substantially all fluids within said tub 
are retained within said tub. * * 

5. The apparatus of claim 4 in which said closure means 
includes vent means, said vent means designed to allow 
external air to enter said tub, thereby aiding in the 

20 removal of fluid from said tub at said drain means. 

6. The apparatus of claim 1 in which said tub means is 
made from. corrosion and solvent resistant material selected 
from the group consisting of stainless steel, polypropylene, 
and polyethylene. 

25 7. The apparatus of claim 1 in which said fluid insertion 
means includes heating means to heat processing fluids or 
gases prior to their insertion into said tub. 
8. The apparatus of claim 1 in which said drain means 
includes resistivity monitoring means to determine the 

30 resistivity of fluids being drained from said tub, thereby 
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providing information as to when the tub and wafers have 
been thoroughly rinsed of processing fluids. 

9. The apparatus of claim 1 in which the angle of said 
axle is selected from the ranges of about 91° to about 135° 

5 and about 225° to about 269° , and reciprocals thereof, 

wherein the angle from 90° to 270° of a compass is defined 
as horizontal. . . 

10. The apparatus of claim 1 in which the angle of said 
axle is selected from the ranges of about 95° to about 

10 105° and about 255° to about 265° and reciprocals thereof, 
wherein the angle from 90° to 270° of a compass is defined 
as horizontal. 

11. The apparatus of claim 1 in which the angle of said 
axle is selected from either about 100° or about 260°, and 

-5 reciprocals thereof, wherein the angle from 90° to 270° of a 
compass is defined as horizontal. 

12. The apparatus of claim 1 in which said rotor means 
includes a plurality of support bars, each bar having a pair 
of opposed ends, said bars being substantially parallel to 

0 said axle, but spaced therefrom, said support bars provid- 
ing support to and positioning of said wafer carrier means. 

13. -The apparatus of claim 12 in which said rotor means 
includes a pair of substantially circular support members, said 
circular support members being substantially parallel to, but 

5 spaced from one another at opposite ends of said rotor, said 
circular support members being substantially perpendicular to 
said axle as extended, each of the opposed ends of said support 
bars being connected to one of said circular suppor t members. 
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STATEMENT UNDER ARTICLE 19 



The amendment provides clarifying language for several 
claims of the invention. Claim 1 has been amended as to several 
minor matters of form. Claim 3 has been amended to indicate 
that the "support" need not be movable and to detail its func- 
tion. Claims 10 and 11 have been amended to define "horizontal- 
Claims 12 and 13 have been added to indicate details of the 
rotor structure. 

The amendment to the abstract is offered to show 
additional reference numerals "15" for the "rotor" and "28" 
for the "support". As the amendment to the abstract is 
optional, applicant requests its entry, but will accept its 
non-entry. 
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^ *=.°. n ?!.;"T!.f 0 L lh ! '.""" , .: d "! m T' " a ' eh '*" *" r# " m,,r P " d b » •«*•"«. '"«.m.tlonU ...,ch r.port covar. «|, 
Ihoaa elalma of !h. Intarnatlonal application lor which Imi w.r. paid, apaclflcally el.lma: 



X ^ tht!n!-^» , ^ , l' 0Bal « •*'!''.'•.? " m,lr MW br *• •■P""" 1 - Cona.oo.ntry. thl. fnt.m.tlon.1 ...rch r.port I. r«trlet.d to 
th. Invantlon Drat mantlontd In th. elalma; B la covarad by claim numbara: 



R.mark on Praia it 

□ Th. additional search !#-»• war* accompanied by applicant proleiL 
Q No prolaat accompanied tha payment of additional aearch feea. 



form PCT/ISA/210 (lupplamanUt «ha*t (2)) (October t9T7) 



